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Abstract— A study was conducted at
Zambia Agriculture Research Institute (ZARI)
Central Research Station (latitude=15.550° S,
longitude=28.250° E, altitude=1200 m), Mount
Makulu, Zambia to assess crop physiological
growth indices. The field experiment was setup
as a split plot design with maize variety and
fertilizer rate as main and sub-treatments,
respectively during the 2016 irrigated season.
The crop growth indices were determined for
the maize crop as a function of fertilizer
application rate and variety. Fertilizer
application significantly influenced the growth
indices: grain yield, grain number, biomass,
seeds per m-2, cob weight, ear weight, V6
(biomass) and Relative Growth Rate (RGR
[R4-R6]). Maize variety also significantly
influenced growth indices: husk, V6 (biomass),
100 seed grain weight, RGR (V6-R1), RGR
(R4-R6), Leaf Area Ratio (LAR) (V6-R4) and
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Net Assimilation Rate (NAR) (V6-R4).
Among the three maize varieties, ZMS606 had
the highest LAR (V6-R4), grain yield (7.17 ton
ha?), husk (0.38 ton ha), seed number (2799
m2) and mean grain number (350 grains cob-
1). The biomass and grain yield varied from
7.49 to 11.51 kg ha! and 5.26 to 7.73 ton ha,
respectively. In addition, the Net Assimilation
Rate was significantly increased by increased
N fertilization. These crop indices and yield
parameters are useful for validating and
calibrating DSSAT Crop simulation model.
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I. INTRODUCTION

Maize (Zea mays L.) is the third most
important cereal crop in the world after wheat
and rice and is the main staple food for
hundred millions of people in developing
countries especially in Sub Saharan Africa [1].
In tropical Africa, nearly all the maize grain is
used for human consumption, prepared and
consumed in many ways. Maize grain is used
for three main purposes namely: (1) as a staple
food; (Il) as livestock and poultry feed; and
(1) as a raw material for many industrial
products [2]. In Zambia, maize is a staple crop
grown by both small scale farmers (80%) and
commercial farmers (20%) [3], [4].

Leaf area is influenced by genotype, climate
and soil fertility [5]. Leaf area index (LAI) is
the product of the total leaf area and the plant
population per m2 [1]. Furthermore, LAI is
used as an indicator of plant growth and for
evaluating assimilation, determining
photosynthesis, transpiration rates and dry
matter accumulation in plant physiological
studies [1], [6]. Some researchers have reported
that a leaf area index (LAI) between 3 and 4
may be optimal for achieving maximum yield
[5], [7]. The maize plant yields high dry matter
and therefore, has a high requirement for
nutrients especially nitrogen (N), phosphorus
(P) and potassium (K) (Aldrich et al., 1986).
Nitrogen is the major nutrient that influence
plants yield, and protein concentration and its
deficiency reduces maize vyield substantially
[5]. Nitrogen is a key component to achieving
high yield and optimum economic return as it
plays a very important role in crop productivity
[8], [9]. The deficiency of nitrogen constitutes
a major vyield limiting factors for maize
production [5], [8]. The amount of available
soil nitrogen limits yield potential and
additions of nitrogenous fertilizers can
substantially increase maize yield and total dry
matter [5]. Nitrogen fertilization rates affects
maize dry matter production by influencing
leaf area development, leaf area maintenance,
photosynthetic efficiency of the leaf area and
accumulation of biomass and dry matter yields
[10]-[12].

Plant growth analysis is a quantitative
method that is used to describe and interpret
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the performance of the whole plant system
grown under natural, semi-natural or controlled
conditions accompanied by a quantitative
change in biomass [13], [14]. Growth analysis
is a conceptual framework for resolving the
nature of genotype X environment interactions
on plant growth and development. According
to [11], growth analysis is one approach used
to analyze plant biomass and dry matter as
affected by genetic parameters, soil fertility,
water  availability,  environmental  and
production technology. Maize needs 450 to 600
mm of water per season, which is mainly
acquired from the soil moisture reserves [15].
[16] asserted that the analysis of plant growth
IS a very important method in quantitative
analysis of plant growth and production of
grain yield and total dry matter. The rate of
plant growth indicates the partitioning of dry
matter in plants and this is distinguished
chronological per unit area. Crop growth rate is
directly related to the amount of RI (radiation
intercepted) by the crop [17]. The growth is
analyzed by measuring two factors: (i) leaf
area; and (ii) dry weight of the organs, and
other quantities are calculated based on these
two factors.

Growth analysis is the most simple and
precise method to evaluate the contribution of
different physiological processes in plant
development. The physiological growth indices
of leaf area index (LAI), total dry matter
(TDM), crop growth rate (CGR), leaf area ratio
(LAR), leaf weight ratio (LWR), net
assimilation rate (NAR) and relative growth
rate (RGR) are influenced by cultivar genetic
parameters, plant population, climate and soil
fertility [18], [19]. Of the parameters typically
calculated, the most important is relative
growth rate (RGR) [13], [14]. Therefore, the
objective of this study was to investigate the
effect of nitrogen rates on physiological traits,
leaf area index, grain yield and total dry matter
for three maize cultivars.

Il. 2.0 MATERIALS AND METHODS

1. 2.1 Weather data

The weather data (latitude and longitude of
the weather station, rainfall, maximum, and
minimum temperature, solar radiation) was

2

www.ijmdr.net


http://www.ijmdr.net/

The International Journal of Multi-Disciplinary Research
ISSN: 3471-7102

obtained from the Zambia Meteorological
Department (ZMD) (Error! Reference source
not found.). The weather data presented in
Error! Reference source not found. is from
May 2016 to November 2016. The Tmin,
Tmax, Tmean and precipitation were 14.45°C,
27.67°C, 21.06°C and 77.29 mm, respectively.

Iv. 2.1 Description of study area and field
experiments

A field experiments was carried out during
in 2016 at Zambia Agriculture Research
Institute (ZARI) Central Research Station
(latitude=15.550° S, longitude=28.250° E,
altitude=1200 m), Mount Makulu under
irrigated conditions. The type of soil at the
study site is Makeni soil series. This type of
soil is well drained, yellowish red to red (2.5-
5YR), deep to very deep, clayey soil with high
activity clayey, medium base saturation and
clayey topsoil. It is classified in Soil Taxonomy
as an Ustic Paleustalf [20] and as a Eutric
Nitisol [21].

The field experiment was a Randomized
Split-plot Design (RSPD) with three replicates,
three maize -cultivars (ZMS 606, Pioneer
hybrids 30G19, and 30B50) and three nitrogen
rates (56, 112 and 168 kg N/ha). Two days
prior to planting, the site was disked to a depth
of about 20 cm and harrowed. The three maize
hybrids were planted with basal dressing
(N=10,P=20, K=10) on 5th June 2016. All crop
management factors were applied uniformly to
the entire site. Weeds were controlled by a
combination of herbicides and hoeing. Top
dressing was applied after 9 weeks/at V9.
Individual plot sizes were 6 meters (12 rows)
by 5 meters. The plots were separated from
each other by a 2 meter distance to prevent
cross contamination of treatments between
plots. Seeds were sown by hand at 5 cm depth
in a flat seedbed in 0.50 meter row spacing and
0.30 meter spacing between plants.

V. 2.2 Soil analysis

The soil physical and chemical analysis was
done using standard methods. The following
parameters were analyzed at ZARI. The soil
pH in water ranged from 6.58 to 6.80 which
were considered within the neutral to optimal
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range for crop growth. The nitrogen percentage
was determined using the Kjeldahl method and
the values ranged from 0.01 to 0.10 percent and
therefore considered low. Soil organic carbon
(OC) was determined using the Walkley and
Black method [22]. The OC values ranged
from 0.39 to 0.54 and considered to be low
while the critical value for OC is 1.58 percent.
Bray | and ammonium acetate (NH4OAcC) were
used to determine exchangeable phosphorus
(P) and exchangeable bases (calcium,
magnesium and potassium), respectively. The
exchangeable bases Ca%*, Mg?* and K* were
extracted with 1.0 M neutral NH4OAc extract
[22], [23] and determined using a Perkin-Elmer
atomic  absorption  spectrophotometer  at
wavelength of 4227 nm and 285 nm
respectively. The K* was determined using the
Eppendorf flame photometer at wavelengths of
766.5 nm.

VI. 2.2 Plant growth analysis

Phenological events (emergence, silking,
dough stage, physiological maturity), leaf area
index (LAI) and biomass were recorded and
measured at recommended growth stages V6
(50% of plants with collar of 6th leaf visible),
V8 (50% of plants with collar of 8th leaf
visible), R1 (50% of plants with some silks
visible outside husks), R4 (50% of plants in
“dough”  stage-endosperm  with  pasty
consistency-often 24-28 days after silking) and
R6 (75% of plants with black layer at the base
of the seed) [2], [6], [24]-[26]. The maize leaf
area was calculated by multiplying the
manually measured length and maximum width
and multiplied by 0.75 reported as the maize
calibration factor [27].

One of the most common staging methods is
the leaf collar method [28]. Each leaf stage is
defined according to the uppermost leaf whose
collar is visible and these are referred to as V
(for vegetative) stages [2], [24], [25], [29]. The
first leaf is smaller and has a rounded tip. This
leaf is counted as leaf 1 when staging by this
method. Four plants were staged by counting
the number of leaves with visible leaf collars.
If a plant has "n" number of visible leaf collars,
then it was defined as being at leaf stage Vn. A
field is defined as being at a specific leaf stage
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when at least 50% of the plants are at the given
stage or beyond. Leaf fresh weight of each leaf
was measured immediately after it was
removed from the stalk. The dry plant matter at
vegetative and reproductive stages (V6, V8,
R1, R4 and R6) was determined by destructive
sampling. The leaf and stem samples were
oven dried at 70°C for 72 hours. Crop growth
rate (CGR), net assimilation rate (NAR), leaf
area ratio (LAR) and leaf weight ratio (LWR)
were computed according to [5], [30]-[32] as
presented below:

Leaf area index (LAI): The Leaf area index
was measured according to [33]:

Leaf area (LA} /

Leaf area duration, LAD (dyes), was
determined by the formula cited by Ahmad et
al. (2010) in Hunt (1978).

LAD = (LAl + LAL) = (T, = Ty} = 0.5

Crop growth rate (CGR): It was calculated
in terms of g cm-2 day-1 using the equation by
[30]:

W W
(L -T)

CGR

Net assimilation rate (NAR): Net
assimilation rate is defined as the increase of
plant material per unit of leaf area per unit of
time [32]. NAR can be described by yield (g
cm? day?) and leaf area per unit land area at
several time intervals. It was calculated in
terms of g cm leaf area day™:

W, —W, InLA, —InLA,
T,—T, = LA, - L4,

NAR =

Relative growth rate (RGR): The RGR of a
plant is the product of leaf area ratio (LAR;
leaf area per unit total plant biomass) and net
assimilation rate (NAR; dry matter gain per
unit leaf area per unit time). It was calculated
in terms of g g day*:

InW, — InW,
- L-T

Leaf area ratio (LAR): It was calculated in
terms of cm? gL
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/Plant (em?) = Leaf » Leafy = 0.73

LA, | LAy
W, T W,

LAR = =

The symbols used in the equations above are
as follows:

W1: total biomass measured at the first
sampling

LA1l: leaf area measured at the first
sampling

W2: total biomass measured at the second
sampling

LA2: leaf area measured at the second
sampling

T1: first sampling time

LW1: leaf biomass measured at the first
sampling

T2: second sampling time

LW?2: leaf biomass measured at the second
sampling

GA: ground area
In: Natural logarithm

VIl. 2.3 Statistical analysis

Yield and yield components, LAI, leaf area
(LA), total dry matter (TDM), Crop Growth
Rate (CGR), Relative Growth Rate (RGR),
Leaf Area Ratio (LAR), Net Assimilation Rate
(NAR) and Leaf Area Duration (LAD) were
subjected to analysis of variance (ANOVA)
using the agricolae [35] package in R
Programming software. Pertinent means were
separated by means of Fisher-LSD (Least
Significant Difference) Test at p<0.05 when
the F-values were significant.

VI111.3.0 RESULTS AND DISCUSSION

IX. 3.1 Crop growth rate (CGR), Relative
Growth Rate (RGR) and Net Assimilation
Rate (NAR), Leaf Area Ratio (LAR)

Growth analysis for the three cultivars was
computed as affected by variety and nitrogen
fertilizer effects and interaction as presented in
Error! Reference source not found.. The
purpose of calculating growth indices is to
describe how plant species response to a given
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environmental situation. Relative Growth Rate
(RGR) was significantly affected by N rate
from R4 (dough stage) - R6 (maturity) Error!
Reference source not found.. The RGR was
significantly affected by variety from R1
(silking) to R4 (dough stage) as presented in
Error! Reference source not found. and
Error! Reference source not found.a. Crop
Growth Rate (CGR) was non-significant at all
treatment levels and the finding of this research
is not supported by [34] who observed
variation in CGRs of different maize cultivars.
The maize -cultivars exhibited significantly
differences in RGR (V6-R1), RGR (R4-R6
[maturity]), LAR (V6-R4) (Error! Reference
source not found.b) and NAR (V6-R4)
(Error! Reference source not found.c) at
p<0.05. The mean RGR from V6 to Rl
(silking) were 5.18, 5.13 and 4.79 for P30G19,
P30B50 and ZMS606, respectively. Pooled
mean RGR for N1, N2 and N3 were 5.127 g g
day?, 4.984 g g day? and 4.982 g g* day?,
respectively. The mean RGR was significantly
affected by the N rate as presented in Error!
Reference source not found.. Pooled data
indicated that N3, N2 and N1 were 4.60 g g™
day?, 459 g g* day! and 4.39 g g? day?,
respectively. Results also showed non-
significantly interaction between variety and N
rate under RGR at p<0.05. The results as
presented in Error! Reference source not
found. shows that the interaction between
variety and N rate had significant effects on the
mean RGR from V6 to R1 (silking stage),
while N rate had non-significant effects on
RGR (V6-R1; R1-R4). [36] reported that CGR
and RGR are the most important traits in plant
growth analysis and plant growth analysis was
reported as a suitable method for studying the
response of plants to different environmental
conditions.

Net Assimilation Rate (NAR) was
significantly affected by the N rates and
P30G19 had the highest NAR of 2.10 x 1073 g
cm? day?* followed by P30B50 (2.00 x 102 g
cm™? day?) and ZMS606 (1.99 x 10° g cm
day?!) (see Error! Reference source not
found.c). Pooled for N rate indicated that N1
(2.35 x 10 g cm™ day™) had the highest NAR
followed by N2 (1.91 x 10 g cm™ day™?) and
N3 (1.83 x 10° g cm™ day?'). The cultivars
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with highest N rate were more sensitive in this
regard and this finding is supported by [37].
Soil moisture stress after silking notably
decreased the net assimilation rate (NAR)
among the maize cultivars during their growth
period. The LAR was significantly affected by
N rate at p<0.05. The mean LARs was 46.21
cm2 g?, 41.27 cm? gt and 32.05 cm? g for
ZMS606, P30B50 and P30G19, respectively.
ZMS606 cultivar with higher value for LAR
from V6 to dough stage gave higher grain
(7171.6 kg ha), and biomass (9839.3 kg ha?)
yield, seeds per square meter (2798.7) and
grain number per cob (349.8) followed by
P30B50 and P30G19 as presented in Error!
Reference source not found., Error!
Reference source not found., and Error!
Reference source not found. and similar
results were reported by [31]. The results of
this study are Pooled data for LAR using N rate
showed that N2 (43.98 cm? g1) had the highest
followed by N3 (38.33 cm? g1) and N2 (37.22
cm? g') (see Error! Reference source not
found.c). According to [32], NAR represents
the plant’s net photosynthetic effectiveness in
capturing light, assimilating CO2 and storing
photoassimilate. Variation in NAR can derive
from differences in canopy architecture and
light interception, photosynthetic activity of
leaves, respiration, and transport of
photoassimilate and storage capacity of sinks.
Leaf area being an important driving variable
for plant growth and the proportion of plant
biomass had an important bearing on RGR.
There were no interaction effects at all
treatment levels for the RGR (R1-R4), LAR
(V6-R4) and NAR (V6-R4), respectively.

X. 3.2 Leaf area (LA) and leaf area index (LAI)

The data for the mean leaf area and leaf area
index are presented in Error! Reference
source not found. and Error! Reference
source not found.. Leaf area index, an
important photosynthetic character and leaf
area were non-significantly affected by N rates
at all treatment (p<0.05). Although leaf area
index is a factor that plays an important role in
plant production for both quantitative and
qualitative traits as reported by [1] it was not
significantly affected by N rate. The cultivar
with the highest LAI using pooled data was
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recorded under P30G19 (3.66) followed by
P30B50 (3.41) and lastly ZMS606 (3.05).
Pooled data showed that the highest LAI was
recorded at N2 (3.70) followed by N3 (3.38)
and N1 (3.05). The results of this study are not
in agreement with [5] who reported that leaf
area is influenced by genotype, climate and soil
fertility. [34] reported that LAI of the crop at a
particular stage of growth indicates the size of
assimilatory system that ultimately contributes
towards dry matter accumulation and
partitioning.

X1. 3.6 Total dry matter (TDM)

XIl. 3.6.1 Grain yield, biomass, cob, husk and
ear weight

The relationships between nitrogen rate (kg
hal) and yield and yield components (kg ha™?)
were evaluated under irrigated conditions for
2016. Grain vyield is the main target of maize
production. The grain yield and husk weight
were significantly affected by nitrogen rate and
variety, respectively as presented in Error!
Reference source not found.e, Error!
Reference source not found.f and Error!
Reference source not found.g. The highest
husk weight was observed under ZMS606
(383.94 kg hal) followed by P30G19 (301.56
kg hal) and P30B50 (267.27 kg ha™). Pooled
data for husk weight showed that N1 (375.48
kg ha') had the highest followed by N2
(289.70 kg hal) and N3 (287.59 kg ha?),
respectively as presented in Error! Reference
source not found.k. Grain weight (Error!
Reference source not found.d), final biomass
(Error! Reference source not found.e), cob
weight, ear weight (Error! Reference source
not found.f and Error! Reference source not
found.g) and biomass at V6 (Error!
Reference source not found.h, Error!
Reference source not found.i and Error!
Reference source not found.) were
significantly affected by the N rate. [38], [39]
reported that yield and yield component of
maize were increased by increasing the rate of
applied nitrogen and his results agree with the
findings of this study. The vegetative growth
stage (V6) was influenced by both cultivar and
N rate as presented in Error! Reference
source not found., Error! Reference source
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not found., Error! Reference source not
found.h and Error! Reference source not
found.i. This indicated photosynthetic capacity
in maize increased with higher levels of N
fertilizer rate [40]. The R2 (0.80) values
between the grain yield and N for the pooled
data were 5656.87, 7114.69, 7137.11 kg N ha?,
respectively indicated an increase in grain yield
with increasing N rate. The pooled data for
grain yields were 6620.09, 6117.01 and
717157 kg hal for P30B50, P30G19 and
ZMS606, respectively. The ZMS606 cultivar
yielded more grain compared to the two
Pioneer cultivars.

The nitrogen rate had influence on
accumulation of biomass and dry matter yields
and [11], [41] agrees with the findings of this
study. However, [42] observed that nitrogen
deficiency or excess could result in reduced
maize yields. Therefore, variations in the rate
of nitrogen application can strongly influence
yield and yield components sequentially as
observed by [43]. Furthermore, the study
results are in agreement with the finding of
[44] and [45] who reported that increased grain
yield was affected with higher rates of nitrogen
application. Other researchers such as [46] and
[9] have also reported increase in grain yield of
maize with increase in N rate. [38] stated that
applying 160 Kg N Fed-1 significantly
increased ear characters and grain yield of
maize. On the other hand, [40] asserted that
leaf  growth, leaf  appearance  and
photosynthetic capacity in maize increases with
higher levels of N fertilizer.

The coefficient of variation for final grain
and Dbiomass were 1531 and 13.38%,
respectively which are above 12% considered
by [47] to be inefficient. The CV results for the
final grain and biomass do not agree with the
findings of [2], [47].

XIll. 3.6.2 Grain number per hectare, seed

number per square meter and 100 seed

weight

Grain number per hectare and seed number
per square meter were highly significantly
affected by the N rate (Error! Reference
source not found.). The number of seeds per
square meter increased with higher N rate. The
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mean grain number for the varieties ranged
from 349.8 to 281.9. The mean maximum
number of grains per ear (337.4) was recorded
at the highest nitrogen rate (168 kg N ha*) and
mean minimum (266.6) was recorded at N
application rate of 52 kg N hal (Error!
Reference source not found.). ZMS606
recorded the highest mean grain number of
349.8 followed by P30G19 (292.6) and
P30B50 (281.9) as presented in Error!
Reference source not found.j. On the other
hand, the number of grains per ear increased
with increasing rate of nitrogen. [48] agree
with the findings of this study who reported
that the grain number increased with increasing
nitrogen rates. Increase in grains per ear at
higher nitrogen rates is due to the lower
competition for nutrient and this allows the
plants to accumulate more total dry matter with
higher capacity to convert more photosynthesis
into sink resulting in more grains per ear [48].
This is also in agreement with [9] who
concluded that grain number per ear was
maximum at the highest nitrogen level. The R?
(0.82) values between the grain number and N
for the pooled data (281.87 (P30B50), 292.64
(P30G19), 349.83 (ZMS606), respectively)
indicated a strong increase in grain number
with increasing N rate. [49] also reported that
the differences in grain weight could be due
differences nitrogen application rates. This was
attributed to variation in the response of maize
cultivars’ nutrition.

The seed number per square number was
significantly influenced by the N rate at
p<0.05. Pooled data indicated that the highest
seed number per square meter (2699) was
observed at the highest nitrogen application
rate. Seed number per square meter at N1 and
N2 were 2133 and 2563, respectively. The seed
number per square meter for ZMS606, P30G19
and P30B50 were 2799, 2341 and 2255,
respectively. The highest seed number per
square meter was observed under ZMS606
(2799) and 168 kg N hal (Error! Reference
source not found.m). The mean 100 seed grain
varied significantly (P<0.05) among the maize
cultivars. The mean 100 seed weight for the
three varieties ranged from 22.2 to 37.2. The
mean maximum 100 seed weight was recorded
under P30B50 (31.39 g), P30G19 (29.3 g) and
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lastly ZMS606 (27.53 ¢) (see Error!
Reference source not found.l). Differences in
the 100 seed weight has also been reported by
[34]. The differences in 100 seed weight may
result from differences in the initial size of the
spikelets, in growth rates during the
exponential and linear phases of grain filling
duration of those phases. Soil moisture stress
after silking notably decreased pooled values
for 100 seed weight with increasing N rate (N1
[29.04 g], N2 [30.26 g] and N3[28.96 g]). [34]
showed that initial grain weight after
pollination was a key factor in the early growth
of the kernels. The N rate was non-significant
at p<0.05 at all treatment levels and there was
no interaction between the variety and N rate.

X1v. 3.6.3 Harvest index, stover, stem, veg, and

leaf at vegetative and reproductive stage

The harvest index (HI), stover weight, stem
weight, vegetative weight, leaf weight, biomass
at anthesis (silking) and dough stage, leaf area
index at vegetative (V6) and reproductive
(anthesis and dough) stages of the three maize
cultivars were not significantly affected by
nitrogen application rate at p<0.05 and there
was no interaction between treatments at all
levels. The HI is defined as the physiological
efficiency and ability of a crop to convert the
total dry matter into economic yield. Nitrogen
rates showed no significant difference for HI of
the three maize varieties. The results of this
study are in agreement with [38] who also
observed that N application rate did not affect
HI.

XV. 3.6.4 Effect of soil water content on total

dry matter and grain yield

The biomass and grain yield varied
from 7493.95 - 11507.71 kg ha! and 5265.19 -
773156 kg hal, respectively for all the
cultivars. As the season progress less irrigation
water was being applied from three times per
week to one (Error! Reference source not
found.). Water stress in maize increased with
reducing irrigation water and this contributed
to biomass and grain yield reduction as the
season progressed. This is supported by [50]
who reported that adequate soil water
availability led to both a better uptake and use
of the N thus increasing crop biomass and
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yield. Stress as a result of water deficiency
from silking to maturity stage affected the
ultimate size and vyield of ears and it is
supported by [15]. Adverse conditions such as
water stress and nitrogen deficiency delay plant
growth and slow silk development [43], [44].
Nitrogen is most yield limiting nutrient and its
fertilization plays a significant role in
improving soil fertility [44].

XV1.4 CONCLUSION

The results showed that application of
different nitrogen rate influenced the
physiological growth indices, yield and yield
component differently for the ZMS606,
P30G19 and P30B50 maize cultivars. The
RGR significantly affected the maize cultivar
differently based on the N rate. Net
Assimilation Rate (NAR) was significantly
affected by the N rates and P30G19 had the
highest NAR of 2.10 x 10° g cm® day*
followed by P30B50 (2.00 x 10 g cm™ day™)
and ZMS606 (1.99 x 103 g cm? day?).
ZMS606 cultivar with higher value for LAR
from V6 to dough stage gave higher grain yield
followed by P30B50 and P30G19. The
ZMS606 cultivar gave the highest grain yield
and grain number for the pooled data followed
by P30G19 and P30B50, respectively.
Therefore, careful estimation of nitrogen
fertilizer rates could increases optimal vyield
and growth rate under sustainable agriculture.
This study has revealed that 168 kg N ha-1
gave the highest grain and biomass yield for
the cultivars. Practically, the findings may
suggest that farmers and researchers should
carry out physical and chemical analysis of
soils before determining the optimum amounts
of fertilizers to be applied. ZMS606 with the
highest values for RGR (R1-R4; R4-R6) and
LAR (46.21) had the highest grain vyield
(7171.6 kg ha-1), seed number per square
meter (2798.7) and grain number per cob
(349.8) indicating that genotypic superiority for
grain yield was particularly related to
differences in the traits and dependent on the
inherent genetic potential of the varieties
themselves.
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TABLE 1A: YIELD, YIELD COMPONENTS AND GROWTH INDICES

Grain Grain
yield No. Stover Biomass Seed no sgm! Cobwt. Earwt. Husk Stem Veg Leaf
Treatment/variety
ZMS606 7171.57% 349.83° 2668.23*  9839.80* 2798.67° 1172.06*° 8343.64* 383.94*° 476.83* 847.94* 371.11°
P30B19 6117.01° 292.64° 2590.51*  8707.53% 2341.10° 1224.87°  7884.22*° 301.56® 430.00° 808.44° 378.44°
p30G50 6620.01° 281.872 2723.91*  9344.00° 2254.94° 1264.13* 7884.22*°  267.27*  498.47* 915.44* 416.96*
Significance ns ns ns ns ns ns ns * ns ns ns
LSD 5% 1043.9 42.67 421.91 1277.9 341.36 177.29 1212.80 108.19  127.70 23532  118.53
CV % 15.31 23.00 18.70 21.8 23.00 24.3 23.70 14.50 19.00 23.2 335
Nitrogen (N) rate
N1 5656.87" 266.57° 2509.77°  8166.65° 2132.55° 1050.60° 6707.48° 375.48° 440.01* 815.25% 375.23%
N2 7114.69° 320.35° 2740.85*  9855.54% 2562.81° 1290.29*° 8404.86* 289.70° 498.00* 897.48* 399.48°
N3 7137.11° 337.422 2732.03*  9869.14% 2699.35° 1320.29* 8457.41* 287.59° 467.29* 859.09* 391.81°
Significance ** el ns * faled * * ns ns ns ns
LSD 5% 1043.90 42.67 421.91 1277.90 341.36 177.29 1212.80 108.19  129.70 23532  118.53
CV % 15.30 13.50 15.44 13.40 13.50 14.14 15.00 33.17 27.00 26.73 29.68
Interaction
(V*N)
Significance ns ns ns ns ns ns ns ns ns ns ns
TABLE 2B: YIELD, YIELD COMPONENTS AND GROWTH INDICES
HI 100 grain wt LAl at V6 V6 biomass LAl at R4 R1 biomass R4 biomass
Treatment/variety
ZMS606 0.722 27.53¢ 0.30* 415.11° 3.04° 10270.00° 18483.56%
P30B19 0.80% 29.33° 0.26° 572.442 3.66° 15197.332 21042.37%
p30G50 0.71° 31.39° 0.37¢ 467.56° 3.41° 14244.44® 20003.56°
Significance ns il ns * ns ns ns
LSD 5% 0.04 1.72 0.10 79.92 0.80 3257.20 4095.10
CV % 2.70 4.47 33.00 14.60 22.80 25.00 16.00
Nitrogen (N) rate
N1 0.69° 29.04? 0.30° 496.00% 3.05° 14198.22% 21424.00°
N2 0.722 30.26° 0.29° 426.67° 3.70° 12544.89* 19004.44°¢
N3 0.72% 28.96° 0.35 532.442 3.38° 12968.89° 19101.33°
Significance ns ns ns * ns ns ns
LSD 5% 0.04 1.72 0.10 79.92 0.80 3257.20 4095.10
CV % 5.12 4.47 31.24 16.04 22.84 24.00 20.10
Interaction (V*N)
Significance ns ns ns ns ns ns ns
TABLE 3C: YIELD, YIELD COMPONENTS AND GROWTH INDICES
LAD RGR LAR
CGR CGR CGR (Vv6- RGR RGR (V6-R4) NAR
(V6-R1) (R1-R4) (R4-R6) R1) (R1-R4) (R4-R6) (V6-R4)
Treatment/variety
ZMS606 130.432 2.24b 4.46° -4.16° 4.79° 5.19° 4.59° 46.21° 0.0022
P30B19 157.02* 3.15% 3.32% -5.932 5.18 5.33 4.442 32.05° 0.002%
p30G50 143.77% 3.25% 3.13° -4.76% 5.122 5.29° 4,552 41.27%® 0.0012
Significance ns ns ns ns * ns ns * ns
LSD 5% 42.31 0.97 1.16 1.83 0.32 0.20 0.31 9.48 0.0006
CV % 22.49 25.69 24.35 -28.32 4.81 2.89 5.18 18.19 21.65
Nitrogen (N) rate
N1 130.08% 3.09% 3.97° -6.23% 5.1272 5.35° 4.392 37.22% 0.00232
N2 155.41° 2.722 3.557 -4.312 49842 5.222 4592 43.98% 0.0018°
N3 145,742 2.82% 3.39° -4.30% 4.982% 5.242 4.60% 38.332 0.0019%
Significance ns ns ns ns ns ns * ns *
LSD 5% 42.31 0.71 2.34 212 0.32 0.20 0.31 13.57 0.0005
CV % 22.49 24.10 62.52 -41.69 4.81 2.89 5.18 33.16 20.55
Interaction (V*N)
Significance ns ns ns ns ns ns ns ns

Means sharing the same letter in the table do not differ statistically at p < 0.05; N1=52 kg N ha-1; N2 = 112 kg N ha-1; N3 = 168 kg kg N ha-1; LSD = Least Mean Differences; * = Significant at 5% level; ** = Highly
significant at 5%; NS = Non significant; sqm=square meter; wt = weight
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